In this work the theory of strapdown inertial navigation is introduced. The strapdown inertial navigation algorithms using Euler angles, direction cosines, and quaternions methods are derived. Reference flow charts of strapdown INS algorithms for attitude calculation based on Euler angles, direction cosines, and quaternions methods are derived.Simulation examples applied on the navigation of Aerosonde UAV. Simulation results are analyzed to explore the differences between the different algorithms to conclude the most reliable algorithm of strapdown inertial navigation algorithms.
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1-Introduction
In recent years a worldwide development in strapdown INS algorithms with new approaches to accommodate modern computer technologies are developed [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . These efforts are mainly for high performance INS, (strategic-grade and navigation grade), are analyzed based on technology developments. In strapdown INS the sensors (gyros and accelerometers) are rigidly attached (i.e., strapdown) to the body of the vehicle and hence the quantities that they measure (angular velocity, specific force) are in body-fixed coordinates. Determination of the position of body, however, requires knowledge of the specific force component in the navigation coordinates [5] . The transformation from body coordinates to inertial coordinates requires accurate knowledge of the vehicle attitude. In this paper the INS dynamics equations of both navigation-grade and lower grade based on IMU s are derived. In section-2 various coordinate frames are defined. In section-3 navigation equations are developed on the basis of the navigation frame which is widely used in the navigation society. In section-4 the attitude of the vehicle relative to the navigation reference frame can be described by variables, the most popular are Euler angles, direction cosines, and quaternions. In section-5 Simulation to test algorithm of INS and RMS error analysis is explored to show the performance strength of each algorithm. The inertial frame has its origin at the center of the Earth and axes which are nonrotating with respect to the fixed stars with its z-axis parallel to the spin axis of the Earth x-axis pointing towards the mean vernal equinox and y-axis completing a right handed orthogonal frame as shown in Fig.1 . The vernal equinox is the ascending node between the celestial equator and the ecliptic. So the right ascension system is used as the inertial frame in practice since it closely approximates an inertial frame [6] . 
Earth Centered, Earth Fixed Frame (E-Frame
The Earth frame has its origin at the center of mass of the Earth and axes which are fixed with respect to the Earth. Their x-axis point towards the mean meridian of Greenwich z-axis is parallel to the mean spin axis of the Earth and [6] y-axis completes a right-handed orthogonal frame shown in Fig.2. 
Navigation Frame (N-Frame
The navigation frame (n-frame) is a local geodetic frame which has its origin coinciding with that of the sensor frame and axis with x-axis pointing towards geodetic north z-axis orthogonal to the reference ellipsoid pointing down and y-axis completing a right-handed orthogonal frame i.e. the north east-down (NED) system as shown in Fig.2 . The benefit of the east north-up (ENU) system is that altitude increases in the upward. The advantage of NED system is that the direction of a right turn is in the positive direction with respect to a downward axis [3] . Further NED system is prevalent and therefore more research results can be found and incorporated into one's own directly. The body frame is an orthogonal axis set which is aligned with the roll pitch and heading axes of a vehicle i.e. forward-transversal-down. x-axis (roll) in the nominal direction of motion of vehicle, y-axis (pitch) orthogonal out the right hand side, and z-axis (yaw) completing a right-handed orthogonal frame such that turning to right is positive [6] . As shown in Fig.3. ( ) 
Inertial Navigation Equations
The navigation equations for the inertial device must be derived from an inertial frame. This is generally taken as the inertial frame, which is located at the center of the earth and fixed in space, i.e. it does not rotate with the earth. For referencing purposes, the navigation equations are usually put into the NED frame since the geographical representation of NED is the most intuitive.
The Position in the N-Frame
The position in the n-frame is expressed by curvilinear coordinates [9] :
(1) and the velocities in the n-frame are defined by
Hence the time derivative of the coordinates can be written as
the meridian radius, in meters.
the normal radius, in meters.
Velocity Dynamics Equations in the N-Frame
To get the velocity dynamics equations we start with [9] :
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The derivation of velocity equation in navigation frame is given in [9] .
The equation of velocity of navigation frame (velocity north east down)
Where
measurement accelerometer in body frame.
specific force in navigation frame
The Attitude Dynamics
The attitude of the vehicle with respect to designated reference frame (navigation frame) may be set of numbers in computer within the vehicle. The stored attitude is updated as the vehicle rotates using the measurements of turn rate provided by the gyroscopes.
The Attitude Dynamics Using Euler
The angles of rotation about each of these axes are called Euler angles. Euler angles (roll, pitch, and yaw) are a set of three ordered rotations necessary to bring the reference axes of one system (body) into coincidence with reference axes of the other (navigation). The attitude of vehicle body with respect to location coordinates can be specified in terms of rotation about the vehicle roll, pitch, and yaw, starting with these axes aligned with NED coordinates. It is always necessary to specify the order of rotations when specifying Euler angles 1-Roll: Rotation through the roll angle ( φ ) about the vehicle b x axis to bring the vehicle attitude to the specified orientation [3] . Euler angles are used to define a coordinate transformation from body frame to navigation frame [3] as given in the following equations. C by the following equations [7] .
The equations (3), (5), (14), (16) 
The Attitude Dynamics Using Direction Cosines
The direction cosine matrix, denoted here by the symbol b n C , is a 3 x 3 matrix, the columns of which represent unit vectors in navigation axes projected along the body axes. 
The rate of change of n b C with time is given by: can be written as the product of two matrices as follows:
where A(t) is a direction cosine matrix which relates the body frame at time t to the body frame at time t t δ + . For small angle rotations, A(t) may be written as follows: In which δψ δθ δφ and , are small rotation angles through which the body frame has rotation over the time interval t δ about its roll, pitch, and yaw axes respectively. In the limit as t δ approaches zero, small angle approximations are valid and the order of the rotation becomes unimportant. Substituting equation (23) 
In the limit as
is the skew symmetric form of the angular rate vector
, which represents the turn rate of body frame with respect to the navigation frame expressed in body axes, i.e. 
An equation of the form as (27) may be solved by a computer in strapdown INS to keep track of body attitude with respect to navigation frame detail in [7] and [8] .
The equations (3), (5), and (27) can be written in one equation form as given in equation (28). The flow chart, shown in Fig.6 , indicates the details of strapdown INS algorithm for attitude calculation based on direction cosines (alternative Algorithm).
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The Attitude Dynamics based on Direction Cosines using alternative Algorithm
The Attitude Dynamics Using Quaternions
The Quaternions are used to rotate a vector from the NED frame to the BODY frame. Quaternions are singularity-free, have fewer issues with normalization, and trade bulky trigonometric functions with more convenient polynomial operations. 
4-
The transformations between the quaternions and the DCM n b
C are accomplished by [11] . The flow chart, shown in Fig.7, indicates 
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5-Simulation
Simulation of the proposed algorithms of strap down INS are based on Aircraft Model (Aerosonde UAV) given in [12] . Fig.8 shows AeroSim UAV in flight test. 
where g b is the gyro "bias", g k is a diagonal matrix of gyro scale factors, and gv η and gu η are zero-mean Gaussian white-noise processes with spectral densities given by The accelerometer measurement model [13] is given by the following equations. 
Simulation Model Block Diagram
The simulation model block diagram contains fight control parameters (flap, elevator, aileron, rudder, throttle, mixture, and ignition). The INS algorithm is one of strapdown INS algorithms for attitude calculation (Euler angles, direction cosines, or quaternions). The difference between position velocity of Aircraft Model (Aerosonde UAV) and INS algorithm is considered as the error in position velocity as shown in Fig.11 measured in m/sec 2 and angular velocity in body frame is measured in rad/sec. By taking the measurement data from IMU based on MEMS technology, the rms error in position and velocity using strapdown algorithms INS for attitude calculation are shown in Fig.15 . Taking the rms error of 10 runs with different IMU measurement noise (by changing the initial value of enhanced white noise added to the reading of IMU) and plot the error as in Fig. 15 . As shown in Fig. 15 the minimum error in position in (x, y) and velocity (v x , v y ) can be reached using the alternative method of direction cosines. In mean while we get the maximum rms error in position in (z) direction and in RMS error velocity in z direction (V z ). 
CONCLUSION
Simple reference flow charts of strapdown INS algorithms are introduced. An alternative algorithm for direction cosines is derived. Simulation of the proposed algorithms of strapdown INS is applied on the navigation system of Aircraft Model (Aerosonde UAV). Simulation results clarify that the strapdown INS algorithm using quaternions for attitude calculation is the most reliable algorithm. it is easy to solve its dynamic equations and its solution does not suffer from singularities. Moreover, it is faster than other algorithms. In the other hand, it dose not give lowest rms error in position and velocity.
